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A hardwood swamp system, over 2 km wide in places, bisected and made up 14% of the study area. Water levels fluctuated about 1 m, with low water during spring and early summer. Trees such as black gum, bald cypress (Taxodium distichum), red maple, and red bay formed a closed, multilayered canopy. Common shrubs were pepperbush, titi, and fetterbush; berry-producing shrubs were rare. Vines, mostly greenbriers, were commonly associated with scattered clumps of shrubs. The soil was covered by decaying plant matter, and herbs were rare. Openings from timber harvests on wet sites supported stands of sedges (Cyperaceae), lizard tail (Saururus cernuus), bur-reed (Sparganium americanum), and arrow-arum.
The bear population, estimated from the ratio of tagged to untagged bears in the harvest, was approximately 50 (Hamilton 1978). Bears were hunted with dogs on private lands; bear hunting was not allowed in Bladen Lakes State Forest. Bait stations supplied with corn had been maintained for many years by hunting clubs on private lands throughout the study area and were used as release points for dogs when hunting bear and deer (Odocoileus virginianus).
METHODS
Food habits were determined from stomach contents of 28 bears and from 732 seats. Game trails were walked daily to collect seat samples; freshly deposited seats were taken as found during other field work. One of the investigators attended 9 hunts, and hunters using the study area and adjacent properties were contacted daily during 3 hunting seasons (1974-76). They supplied stomach contents from harvested bears and information on routes of those that escaped while being chased.
Food items in stomachs and scats were separated with sieves, hand-sorted and measured to the nearest 1.0 em3 by water displacement. The aggregate percentage method (Martin et al. 1946 ) was used to calculate the volumetric percentage of food items. Chemical composition of fresh specimens of important food items was determined by the State Chemist, Georgia Department of Agriculture, Atlanta.
Information was obtained on ripening dates of fruits and availability of succulent new growth of certain plants. Habitat types were fairly distinct (Fig. 1) ; and important plant foods, most of which were habitat-specific, were assigned to appropriate habitats to obtain a crude measure of the relative contribution of each major habitat to the annual diet.
Radio-monitored bears provided information on habitat use for foraging and denning. Twenty-one bears were captured in box traps at baited sites. Ten bears (6 males, 4 females) were fitted with collars containing radio transmitters. Techniques for immobilization, age determination, and telemetry were described by Hamilton and Marchinton Greenbriers provided the most important natural foods during 5 months of the (Tisch 1961 , Hatler 1967 . Bears then showed less interest in corn provided than at other times of the year when they were active; avoidance of baits during this time has been noted previously (Knudsen 1961 ).
The summer diet was primarily fleshy fruits, particularly huckleberries, blueberries, and blackberry, although switch cane and leaves of woody plants were eaten. As summer fruits became less available, they were replaced in the diet by early fall fruits such as sweet gallberry, and to a lesser extent muscadine, blue haw, and sweet bay. Sweet gallberry contributed a greater portion of a monthly sample than any other naturally occurring species. Berries of small gallberry, During the pre-denning period (October-November) bears depended heavily on mast from trees. Black gum was abundant in fall 1974 and formed 67% of October scats, but it was scarce during fall 1975 and constituted only 26%. Conversely, oak mast was scarce in 1974 and contributed only 6% in November scats, and the moderate crop of 1975 resulted in a 4-fold increase in use. Winterberry fruits, although ripening in September, were not taken until December, suggesting low desirability.
Animal Foods.-Animal foods in scats (Table 1) were mostly beeswax and colonial insects (Hymenoptera), especially ants (Formicidae), which formed the Summer fruits also contained much water (80-85%) but on a dry basis were high in NFE and moderate in fat and ash. Sugar content, high in summer fruits, is related to black bear preference for some foods (Radwan 1969) and is important in nutrition and metabolism. Summer fruits were usually consistent food sources, but in 1976 a late April frost and a dry summer resulted in low yields, especially of sweet gallberry. The period of intake of high energy foods included the breeding period (June-July). Black bear productivity has been correlated with production of fruits in Alaska (Hatler 1967 Corn too is a source of concentrated energy, being very high in NFE. Its yearround availability on the study area no doubt has contributed substantially to the nutritional welfare of the bear population, especially during years of poor mast production. It also may help reduce the incentive for bears to move into agricul- 
Habitat Use
Radio-monitored bears (Table 4) were located 1,650 times. During 68 24-hour periods individual bears were located every 2 hours. Ranges of males tended to be greater than those of females; the largest exceeded 18,000 ha. Locations of radio-monitored bears, food utilized, and feeding sign indicated relative use of various habitats (Fig. 3) . Bay lakes, residential areas, most agricultural fields, pine plantations, and sparsely vegetated portions of sand ridges were used little by bears. These habitats made up nearly a fourth of the study area but accounted for less than 1% of the locations of radio-monitored bears.
Three habitat components were recognized: (1) foraging habitat during seasons when bears were active, (2) denning habitat during winter, and (3) escape habitat, especially during legal hunting seasons.
Foraging Habitat.-Carolina bays received greatest use by bears and contributed the greatest volume of food to the annual diet (Fig. 3) . Fruits that composed most of the diet from June through September were from species associated primarily with margins of Carolina bays and lower slopes of sand ridges. Bear trails were especially evident in these areas. Only a few bears were radio-monitored at any given time, and because bears often rested and foraged in different habitats, active bears located by telemetry were not necessarily feeding. Nevertheless, seasonal peaks in activity in habitats did correspond to intensity of feeding in those habitats as indicated by food habits data (Fig. 3) .
Telemetry, trapping, and track count data indicated that movement during late winter was primarily by young males which did not den for extended periods of time (Hamilton and Marchinton 1978) . The few scats found during this period indicated that native foods (greenbrier, gallberry, and acorns) were taken mainly from bays and sand ridges and dwindled in use from January to March, as intake of corn from bait piles increased.
After emergence from dens in spring, bears moved mainly in swamps and bays and fed heavily on arrow-arum and greenbrier from these habitats. Activity in bays increased in May and remained high through July (Fig. 3) . The bulk of the diet during this time was comprised of foods from this habitat (greenbrier, blueberry, and huckleberry) ( Table 1) . Signs of bears feeding on insects in decaying stumps and ground cavities on sand ridges were seen frequently in spring and summer. During this time, bears caused much damage to apiaries on the sand ridges if hives were not elevated on specially constructed platforms or enclosed by electric fences. Damage to commercial blueberries was seen only once, possibly because they ripened simultaneously with wild fruits in areas remote from human activity.
In August, radio-monitored bears were most active in corn fields, but all major habitats were used and food habits data indicated continued heavy use of bays. Foods produced mainly in bays (sweet gallberry and huckleberries) formed 66% of the diet. In September, radio-monitored bears were most active in bays, and sweet gallberry fruits composed 64% of the diet.
Movement of bears diminished in fall, and though bears continued to be active in bays, feeding was concentrated in hardwood swamps and on sand ridges (Fig. 3) . Use of these 2 habitats evidently depended on the amount of black gum mast produced in the swamps and scrub oak mast produced on the ridges. Because black gum and scrub oaks did not produce heavily in the same year, preference for these and their specific habitats could not be determined. Radio-monitored bears did not use sand ridges intensively, but food habits data and sign indicated that bears fed heavily on scrub oak acorns there in November 1975.
Denning Habitat.-Information obtained from radio-monitored bears and scarcity of tracks and scats during winter indicated that bears in the study area generally denned from late December to late March despite relatively mild temperatures (Hamilton and Marchinton 1978) . During the study 7 bears were radio-monitored in winter. Five (4 females, 1 male) denned, and 2 young males remained active throughout midwinter. All of those denning bedded in nests on the ground in very dense Carolina bay thickets of fetterbush and laurel greenbrier. One 6-year-old female that had bedded in a 4-ha Carolina bay relocated to a hollow bald cypress tree in a hardwood swamp after being disturbed by a pack of deer hounds. Two bears were forced by high water to move to new beds, and 2 were disturbed by the investigators. Following these disturbances, 2 returned to their beds and 2 relocated within the bay containing their original bed. Otherwise, the bears remained bedded throughout winter (Hamilton and Marchinton 1978) .
Relatively large, nearly impenetrable bays and swamps seem to be important in providing seclusion and protection from disturbance during denning. Denning bears were easily aroused by dogs and humans; all radio-monitored bears initially selected dense Carolina bays for denning; and all of the bays selected were large (av. 525 ha) except 1 that was abandoned because of disturbance.
Scarcity of tree cavities may have been the reason that bears bedded on the ground. Tree cavities provide better protection from weather, high water, man, and dogs. But extensive logging in the past had removed most large trees. All large hollow trees that we observed had signs of having been climbed by bears, but most were hollow to the base and contained water during winter, making them unsuitable for dens.
Escape Habitat.-Escape cover may be the most critical component of black bear habitat. Bear hunters using dogs and citizens band radios harvested 27 bears, all within bays (N = 15) or retreating from them (N = 12). Most Carolina bays, although containing dense vegetation, were too small to provide adequate protection. Bears chased through sand ridges and pine forests between bays and swamps were vulnerable to hunters because these habitats were netted with access roads and provided little concealment.
The hardwood swamp system served as an excellent refuge from man and dogs. Important escape factors were dense vegetation and expanses of water, both of which made tracking difficult for hounds and deterred hunters from pursuing. Through interviews and hunt participation we found that hunters made every effort to catch their dogs and stop the chase when a bear entered the hardwood swamp system. Of the 45 known bear mortalities (1974-76), none occurred within the swamp habitat (Hamilton 1978).
Effects of Habitat Alteration
In April 1976 a wildfire resulting from land clearing burned approximately 14% of the study area. Also, more than 1,000 ha of Carolina bays (4.3% of this habitat type) were cleared for agriculture and housing development during the 2-year study. After the clearing of a 320-ha bay that had been frequented by a radio-monitored bear, the bear was killed 19 km from the bay in an area it had not visited during previous radio-monitoring.
Another form of habitat alteration was conversion of longleaf pine-scrub oak habitat on sand ridges to slash pine plantations. This is expected to have an adverse effect on bear populations, as evidenced by the limited use of existing plantations. Although pine plantations made up about 11% of the study area, less than 1% of the locations of monitored bears were in this type, and no bedding was recorded in pine plantations. However, young plantations and those past midrotation that are thinned and burned are productive of gallberry, blueberries, and huckleberries (Johnson and Landers 1978) .
CONCLUSIONS AND MANAGEMENT IMPLICATIONS
Bears in this region of the Coastal Plain need extensive areas encompassing a complex of habitat types to fulfill various requirements throughout the year. Large inaccessible areas must be provided for escape and denning. A variety of habitat types are necessary to meet food needs at different seasons and provide alternate foods when yields of the major fruit producing species are low. Clearing of bays and conversion of longleaf pinescrub oak on sand ridges to slash pine plantations reduces mast potential and probably increases bear dependence on swamps, which produce food irregularly. Such losses coupled with mast failures may result in poor condition of bears for denning, increased winter movement, and emigration. These factors combined with increased damage to crops and apiaries and more contact with people will lead inevitably to higher mortality and reduced bear numbers. Even with food afforded at bait sites, shifts in habitat use and increased movement occur during times of mast failure. It appears that key habitat components such as large bays, sand ridges, and major swamps must be protected if Coastal Plain bear populations are to be maintained.
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